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HANDOVER IN CELLULAR COMMUNICATION SYSTEM 

FIELD OF THE INVENTION 

The present invention relates to a method and an apparatus for per- 
forming a handover procedure of a mobile station in a cellular communication 
system. 

BACKGROUND OF THE INVENTION 

Maintaining a traffic connection of a moving subscriber is made 
possible by means of handover function. The basic concept of handover is 
simple: when a mobile station (such as a mobile phone, a wireless Internet 
device, a portable device, a personal digital assistant, etc.) of the subscriber 
moves in a cellular communication system from one cell of the system to an- 
other, a new connection with the new cell has to be set up and the connection 
with the old cell has to be released. 

Depending on the diversity used the handover mechanisms can be 
categorized as hard handover, soft handover and softer handover. A simulta- 
neous soft and softer handover process is called soft-softer handover. All 
these are typically provided by the third generation (3G) mobile systems. 

Another way to categorize various handover types is based on sys- 
tem architecture, meaning the network elements between which handover sig- 
nalling is executed. For instance, if handover is executed between two base 
stations then it is called inter-base station handover. Based on this criterion, 
intra-base station, inter-base station, intra-radio access controller, inter-radio 
access controller and inter core network handover can also be defined, for 
example. Further examples are intra-frequency handover, which is executed 
between different layers of the same network or neighbouring cells, inter- 
frequency handover, which is executed between different cells or layers of the 
same network or different networks/network types, and intersystem handover, 
which is executed between cells or layers of different network types, for exam- 
ple IP RAN (IP Radio Access Network), UTRAN (UMTS Radio Access Net- 
work) and GSM. IP RAN is an access network which utilizes IP transport. IP 
transport may be utilized on top of different kind of radio access techniques 
(multiradio). 

On the other hand, depending on the reason on the basis of which 
the handover decision is made, the handover types can be categorized as traf- 
fic reason handovers, quality based handovers, speed based handovers, and 



so on. 

Both second (a second generation system like the GSM will support 
high rate data traffic in its next phases e.g. with EDGE evolution) and third 
generation cellular systems provide a remarkable increase in the data bit rate 
i.e. the transfer rate with which data is transmitted over an air interface. As a 
result, it can be foreseen that databased services provided to an end user will 
form a vital part of cellular technology and business in the near future. It is 
commonly understood that databased services will play a dominant part in the 
cellular system environments in comparison to real time services such as 
voice. As a potential business factor, databased services with different Quality 
of Services (QoS) also set new technical requirements to the cellular systems 
supporting data communication. 

In a real cellular environment the user density and the data bit rate 
requested by the users are two crucial factors when efficiently planning the 
cellular system. However, these are some of the most difficult factors to be 
estimated or controlled, requiring continuous adaptation of the network to the 
on demand traffic. In case of databased services, it is not enough to adapt the 
network resources only by means of initial network replanning. Moreover, the 
nature of the databased services requires more flexibility from other mecha- 
nisms like the handover mechanism supported in a cellular system for utilizing 
the optimized resources to meet the appropriate quality of services. 

Although conventional handover mechanisms may be necessary to 
be supported, they do not always provide means to achieve an optimum per- 
formance in the databased service environment. 

BRIEF DESCRIPTION OF THE INVENTION 

An object of the present invention is thus to provide a method and 
an apparatus for implementing the method so as to overcome the above prob- 
lems or at least to alleviate them. The objects of the invention are achieved by 
a method, a cellular communication system and a system element, which are 
characterized by what is stated in the independent claims 1, 14 and 27. The 
preferred embodiments of the invention are disclosed in the dependent claims. 

The invention is based on the idea of using the data transfer rate 
i.e. the bit rate of the connection, comprising existing and/or requested con- 
nections, as a basis for the decision when deciding on handover of a mobile 
station from one cell to another. 



An advantage of the invention is that the burstyness of a packet 
switched cellular system can be taken into account in handover situations. The 
invention can be used for balancing inter-cell load and therefore to have an 
impact on the stability of the radio system. It makes it possible to split rea- 
sonably multicast connections in order to distribute the traffic load more uni- 
formly. It can help to decrease undesired signalling load due to traditional 
handover mechanisms. It may also decrease the amount of measurement re- 
ports over e.g. air, lub, and lur interfaces in third generation systems. The bit 
rate information can be extracted in connection with an upper layer operation 
(along with radio access bearer information). Therefore handover can be per- 
formed in a pre-emptive way in order to improve the system performance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following the invention will be described in greater detail by 
means of the preferred embodiments with reference to the accompanying 
drawings, in which 

Figure 1 illustrates an embodiment of the invention; 

Figure 2 is a flow chart showing the handover procedure according 
to an embodiment of the invention; 

Figure 3 illustrates examples of the use of the handover procedure 
according to an embodiment of the invention and 

Figure 4 is a signalling diagram showing the handover procedure 
according to an embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The basic idea of the invention is to use bit rate information when 
deciding on handover in a cellular communication system. The bit rate infor- 
mation refers, for example, to the bit rate provided to a mobile station (MS) by 
a cell in the system when the mobile station has a connection to the cell, a bit 
rate provided to the mobile station by at least one other cell (to which the mo- 
bile station does not necessarily have a connection) or a bit rate requested by 
the mobile station. Preferably the bit rate is throughput rate. The decision on 
handover may in turn comprise deciding on whether handover should be 
made, deciding on to which cell the mobile station handover should be made 
or deciding on when handover should be made, for example. In the following, 
a handover mechanism using bit rate information according to the invention is 
referred to as a bit rate sensitive handover or BSH. 



The BSH enables cellular operators or service providers to define 
different handover profiles for different bit rate classes. According to one pre- 
ferred embodiment of the invention a handover profile is defined such that the 
profile defines preferable cell(s) for each bit rate. The bit rate classes are pref- 
erably categorized according to the traffic classes specified for Radio Access 
Bearers. The handover profile may define the advisable target cell within dif- 
ferent systems, for example GSM, WCDMA (Wide-band Code Division Multi- 
ple Access), etc. in a multilayered cell structure, based on the bit rates of the 
connections. The following table exemplifies the bit rate classification for 
handover decision-making purposes in the BSH handover approach. This 
classification can be done, for example, on the basis of Radio Access Bearer 
IDs requested by the mobile station, Transport Format Set Combination infor- 
mation structured on the basis of the requested RABs, and so on. The hand- 
over profile may also contain a location information category, for instance, the 
distance between the base station and the mobile station. 



Bit rate 


Handover profile 


16 kbps 


Cells/capacity shared for circuit switched domain (1) 


32 kbps 


Cells/capacity shared for low speed interactive data (2) 


64 kbps 


Cells/capacity shared for intermediate interactive data (3) 


128 kbps 


Cells/capacity shared for high speed interactive data (4) 


256 kbps 


Cells/capacity shared for large scale interactive data (5) 


Rn...Rn+1 


Cells/capacity shared for hyper data bit rate services 



Figure 1 illustrates an example of the implementation of the inven- 
tion according to an embodiment. In order to prevent the so-called "ping- 
ponging" effect, which refers to a phenomenon, in which the mobile station 
located close to the border between two cells wildly switches back and forth 
between the cells and which is tricky for any type of handover, a bit rate hand- 
over margin can be used. As is shown in the figure, when a mobile station is 
moving (along the time/distance axis) from cell A towards cell B, the bit rate 
provided by cell A decreases and the bit rate provided by cell B increases. A 
handover margin (dH) can be dynamically defined on the basis of the variation 
of the bit rate provided by the neighbouring cells A and B as well as the hand- 
over profiles, for example. This means taking into account how fast (or to what 
degree of bit rate) the coverage of cell A is weakened and the coverage of the 



neighbouring cell (cell B) is strengthened at the cell boundary. In the figure an 
upper threshold is set at a level that the summed bit rate of cells A and B (or a 
signal cell bit rate) should not exceed. Otherwise, it may cause interference to 
the system. A lower threshold is a level at which the bit rate provided by cell A 
is at a minimum acceptable level. A handover margin is an interval during 
which the bit rate provided by cell B exceeds the bit rate from the serving cell 
(cell A) by a certain amount and/or for a certain time, for example, the time 
between t2 and t3 in Figure 1 . 

Handover (branch addition) may occur in the time interval, during 
which the bit rate of the serving cell A is at its minimum acceptable level (t1). 
On the other hand, as is shown in the figure, at this point (t1) the bit rate pro- 
vided by cell B is good enough to be measured and added to the bit rate pro- 
vided by cell A. This is preferably done when soft/softer handover is used. At 
t3 on the other hand, the summed bit rate is close to the upper threshold, and 
if it exceeds the threshold it may cause undesirable interference to the system, 
and hence the signal of cell A (in terms of bit rate) is removed (branch dele- 
tion). In case of hard handover, and if the handover margin is used the signal 
(bit rate) of the cell A is preferably totally replaced by the signal (bit rate) of the 
cell B at the interval between t2 and t3. 

It is also possible to use other kinds of preconditions instead of the 
above described margin when deciding on when to perform handover. For ex- 
ample, it can be set that handover is performed when the bit rate provided by 
the first cell and/or the bit rate provided by the second cell is lower than a pre- 
determined limit value, is higher than a predetermined limit value or is between 
two predetermined limit values. 

It should be mentioned that cell A and cell B in the above examples 
can belong to either the same radio access system or to two different systems, 
like the GSM and WCDMA, without having any significance to the basic idea 
of the invention. 

Figure 2 illustrates a flow chart of the handover procedure accord- 
ing to an embodiment of the invention. In step 200 the handover measure- 
ments, including bit rate parameters, which describe the bit rate(s) used in de- 
ciding on handover as described above, within a specific time interval are col- 
lected and preferably stored. The bit rate criterion, i.e. the use of bit rate in- 
formation on a handover situation, may be combined with other basic criteria 
used in an earlier phase of the handover decision-making procedure. Such 
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criteria can be, for example, mobile station location information, mobile station 
speed, type of connection (real time, non real time, multicast, etc.). From 
these, location assistance data is most likely useful information for this pur- 
pose. In case of a multicast connection (simultaneous real time, non real time, 
etc.), the bit rate criterion may also be used in order to split the load between 
the neighbouring cells. This means that a radio resource may be allocated 
from different cells or network layers to support different services included in 
one or more connections. The different network layers mentioned above can 
be different layers of the same network, such as macro and micro layers of the 
network, or layers of different radio access networks, such as GSM/EDGE, 
WCDMA or WLAN. In step 201 it is checked whether the possible first criteria, 
which may contain, for example, a signal strength threshold for both transmit- 
ted power and received power in a cell, are met. The threshold may be indi- 
cated as a percentage value, for example. The first criteria typically belong to 
the handover control parameters, which are defined on a cell-by-cell basis by 
attaching a specified parameter set for a specified cell. In the case of Figure 1 
the first criterion could be, for example, that the signal strength (power) pro- 
vided by cell B exceeds the signal strength provided by cell A by a certain 
amount, for example 2 dB. If the first criteria are not met then no handover is 
performed in step 205. Otherwise the procedure proceeds to step 202. In step 
202 it is checked whether the second criteria, i.e. the bit rate criteria, are met. 
The bit rate criterion is preferably the main and final criterion and may be util- 
ized as the target criterion in order for the handover entity to make the hand- 
over decision and trigger the handover execution. In the case of Figure 1 the 
second criterion could be, for example, that the bit rate provided by cell B ex- 
ceeds the bit rate provided by cell A by a certain amount, for example 20 kbps. 
If the second criteria are not met then no handover is performed in step 205. 
Otherwise the procedure proceeds to step 203. In step 203 it is checked 
whether the selected resource is available for handover to take place. If it is, 
handover is executed in step 204. If it is not the procedure proceeds to step 
206. In step 206 the resource is queued on the basis of the elapsed time or 
the available bit rate, for example. If the time expires, no handover is per- 
formed in step 205. If queueing is passed, handover is executed in step 204. 

The BSH can be utilized in different situations and different systems 
in order to improve the overall performance of radio resource management in 
cellular systems. Figure 3 illustrates some examples of the BSH utilization ac- 



cording to the embodiments of the invention. The system of Figure 3 com- 
prises cells A, B, C and D provided by base stations (BTS) and controlled by a 
radio network controller (RNC). A radio network database connected to the 
RNC is also illustrated. It should be noted that the figure illustrates only the 
elements necessary for understanding the invention and the structure of the 
system may vary from what has been shown, which does not affect the basic 
idea of the invention. Let us assume that a low speed mobile station MS1 re- 
questing a high bit rate is located at the border of a macro cell (A) either at the 
time of requesting a radio connection or when MS1 already has a radio con- 
nection with the radio network. Because it is reasonable to keep the high bit 
rate mobile stations within the micro cells then it may be decided to hand MS1 
over from the macro cell to the underlying neighbouring micro cell (B). The 
reason for such handover may be either the fact that the requested high bit 
rate connection can not be supported via the macro cell or the speed of MS1 
is low enough to keep it at the micro cell which can offer better Quality of Ser- 
vice in terms of bit rate. Therefore, from the system performance and QoS 
viewpoint it is more sensible to keep the radio connection of a mobile with low 
speed and high bit rate at the micro cell level. Moreover, this type of handover 
can be utilized in order to balance the inter-cell traffic, signalling load and un- 
desired interference, leading to system stability and better performance. 

As another example, let us assume that a mobile station MS3 with a 
high bit rate connection (including the requested connection) is camping at the 
micro cell D. It is further assumed that the high bit rate MS3 moves fast so that 
it causes inter-cell (micro-cell) handover too frequently, thus causing undesired 
signalling load to the system. Then it is handed over to the overlying macro 
cell A in order to decrease the signalling load due to the frequent handover 
execution. In this case the bit rate criterion may be used to ensure that the 
minimum bit rate can be provided by the macro cell A too. Alternatively, if 
there is a traffic reason handover in question and the entire bit rate cannot be 
supported via micro cell D because of radio resource scarcity, MS3 may be 
handed over to the neighbouring cell (e.g macro cell A). Moreover, the bit rate 
criterion can be used as a basis for providing partial loading approach. This 
means that the load of the home cell may be partially decreased according to 
the predefined handover profile in order to hand the mobile over to the macro- 
cell. Thus the blocking of the ongoing call can be avoided at the cost of the bit 
rate. 
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Still as another example, let us assume that a high speed mobile 
station MS2 is camping at the micro cell (B) and has a high bit rate radio con- 
nection via this cell. If the handover decision is made on the basis of the mo- 
bile motion, it would be handed over to the macro cell A in order to decrease 
the handover signalling load. Nevertheless, taking into account the handover 
profile of the connection and the interference situation in the radio access or 
cell, it may still be kept at the micro cell level to ensure that the QoS of the 
connection in terms of bit rate is met. 

When considering the bit rate reason handover, it is beneficial to 
take the overall traffic distribution and the provided capacity into account within 
the network's coverage. The coverage could be planned in such a way that the 
high bit rate capacity is focused on the areas where it is mostly demanded. As 
a result, the high bit rate connections can be handed over to these areas if 
applicable. The high bit rate sub-areas can be supported by more transmission 
means such as Downlink Shared Channel (DSCH) or High Speed Downlink 
Packet Access (HSDPA). Then by utilizing the BSH the high bit rate connec- 
tions can be switched to the cells which support such transmission techniques. 

It should be emphasized that the above-mentioned cases are 
meant to merely exemplify the BSH utilization and parameter designing and 
therefore the invention is not limited to the examples described. 

Figure 4 illustrates a message sequence of an inter BS soft hand- 
over, where the original radio link provided by a BS is replaced with a new ra- 
dio link provided by another BS controlled by the same Serving RNC. In prac- 
tice, an inter BS radio link replacement procedure includes both radio link es- 
tablishment and deletion. The illustrated example is based on a WCDMA sys- 
tem application. Nevertheless, the concept is not limited to this example and 
thus it can be applied to any cellular system. 

An inter BS soft handover (branch replacement) procedure is 
started with Measurement_Report sending by the mobile station MS camping 
in the cell. This measurement report may also include information about the 
requested bit rate. On the basis of this information the MS (or connection) can 
be put into the appropriate class in the handover profile by the network. On the 
basis of that the SRNC decides to setup a radio link via a new BS and to de- 
lete the original one because it does not meet the predefined quality criteria 
(bit rate). The established and deleted radio links are under the control of the 
target and source BS, respectively. A source BS refers to the BS to which the 
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MS already has a radio link. On the other hand, a target BS refers to the BS 
via which a new radio link is supposed to be established. At this stage, the 
SRNC may run the handover algorithm to evaluate whether handover should 
be executed or not, and if so, to which cell the connection should be linked. If 
handover should be executed then the SRNC sends a Radio_Link_Addition 
message over lub interface to the target BS. If the requested resources are 
available, the target BS allocates resources and sends a Ra- 
ti ioJJnk_Addition_Complete to the SRNC. Upon reception of this message 
the SRNC initiates the setup of an lub data transport bearer using transport 
protocols to the target BS. After that the target BS and the SRNC establish 
synchronization for the data transport bearers(s) related to the already existing 
radio link(s). Then target BS starts DL (downlink) transmission. 

After a successful synchronization the SRNC sends an Ac- 
tive_Set_Update to the MS. In practice, by sending this message the SRNC 
informs the MS about the establishment of the new radio link via the target BS 
and about the deletion of the old radio link via the source BS. Then the MS 
deactivates DL reception via the old radio link of the source BS and activates 
the DL reception via the new radio link of the target BS. It further acknowl- 
edges the SRNC by sending an Active_Set_Update_Complete. 

In addition to the SRNC requesting the source BS to deallocate ra- 
dio resources by sending a RadioJ_ink_Release to the source BS. Upon that 
the BS releases the physical resources related to the old branch and sends a 
Radio_Link_Release_Ack to the SRNC, which in turn initiates the release of 
an lub data transport bearer to the source BS by using the transport protocol. 

It should be mentioned that inter BS handover can be a kind of hard 
handover, as is the case when, for instance, the BSs involved in the ongoing 
handover process are located under different RNCs and there is no lur inter- 
face available between the RNCs to support the soft handover procedure. 

The BSH can be used with all types of handover mechanisms, in- 
cluding hard, soft, softer, soft-softer, Mobile Evaluated Handover (MEHO: in 
which mobile runs the handover algorithm and only final acknowledgement is 
provided by the network), Network Evaluated Handover (NEHO: handover al- 
gorithm and decision-making is done at the network side) and Mobile Assisted 
Handover (MAHO: the mobile provides the needed assistance data when the 
handover algorithm is run and decision-making is done by the network). 
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The required parameters to be used with the handover process may 
be either defined in advance or dynamically during the network optimization 
process. The handover parameters, including handover profile vs cells, load 
classes vs cells, location assistance data, speed, signal strength, etc. can be 
maintained at the radio network database. This database may be connected to 
the radio network controller involved in a handover mechanism in order to be 
used when employing the handover algorithm. 

When utilizing location assistance data in terms of mobile station's 
coordinates, speed and moving direction, for example, it is possible to define a 
regional specific pattern, which describes how the bit rate coverage is mapped 
to the location information. This means, for example, that sub-areas are de- 
fined within the coverage area of the system and preferable bit rates are de- 
fined for each sub-area. Based on such a pattern for example the high bit rate 
mobile stations can be efficiently handed over to a suitable high bit rate pre- 
ferred sub-area, and low bit rate mobile stations can be handed over to a suit- 
able low bit rate preferred sub-area. The sub-areas can be within a single cell, 
cluster of cells, location area, routing area, etc. When a single cell is con- 
cerned, it may mean that the cell area is divided into different, for example, co- 
centric sub-areas starting from the base station in the middle of the cell to the 
cell boundary. Specific preferred bit rate classes can be defined for each sub- 
area. For instance, those sub-areas, which are near the base station, are typi- 
cally able to provide higher bit rates than those which are near the boundary of 
the cell. 

It should be mentioned that the BSH may be executed between dif- 
ferent radio access network types, for example IP RAN, UTRAN, WLAN (Wire- 
less Local Area Network) and GERAN (GSM Enhanced Radio Access Net- 
work). The BSH can also be executed between cells implemented with differ- 
ent kinds of radio access techniques like CDMA, TDMA and FDMA. It should 
be also mentioned that the network elements mentioned in the examples 
above may have different names or functions in different systems and should 
therefore be understood as being descriptive rather than limiting. For example, 
in IP RAN the Radio network database is often called Common Resource 
Manager Server and many RNC functionalities are distributed to the base sta- 
tions and Radio Network Access Server. 

It will be obvious to a person skilled in the art that, as technology 
advances, the inventive concept can be implemented in various ways. The 
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invention and its embodiments are not limited to the examples described 
above but may vary within the scope of the claims. 



